I
n Canada and other developed countries, many steps are taken to minimize the risk of infection from transfusion of blood or blood products (1) . However, the infection risk can never be zero because these are biological products taken from living donors who are never 'germ free' (2) . This is in contrast to drugs that can be manufactured de novo under sterile conditions in a laboratory. The present note provides an update on transfusion infection risks in Canada. It replaces the 2005 note (3) and may be helpful to practitioners in discussions with patients and parents for informed consent before blood or blood product administration. The changes in this note include new Canadian data on risk of adverse transfusion events (ATEs), including risk of bacterial infection. Transfusion-related acute lung injury and major allergic or anaphylactic reactions are more common than serious infections (4) .
STEPS IN THE PREVENTION OF INFECTION
WITH BLOOD TRANSFUSION Restrictive transfusion policies and effective blood conservation programs A crucial step in enhancing safety is to carefully assess whether the patient will likely benefit from the administration of the blood or blood product (ie, that the potential benefit outweighs the potential risks) (5) . Studies in both adults and children in critical care settings have shown that a restrictive transfusion policy is at least as effective as a liberal transfusion strategy in terms of outcomes (6) (7) (8) . Blood conservation programs -ie, use of alternatives to transfusion -are also effective in minimizing blood and blood product use (9) .
Effective evidence-based policies for donor selection, screening, product collection, testing and infusion While any infectious agent that has a blood phase has the potential to be transmitted by the transfusion of blood or blood products, the probability of infection in the recipient depends on a number of factors, including the following (6,10,11):
• the prevalence of the agent in the blood of the donor population;
• the tolerance of the agent to blood handling, storage and manufacturing processes;
• the infectivity and pathogenicity of the agent;
• the recipient's health and immune status;
• the effectiveness of donor screening or donor testing for the agent; and
• the effectiveness of the aseptic technique used in collecting the blood or blood product from the donor and in infusing the product into the recipient.
In Canada, the infectious disease risks associated with transfusion are minimized through multiple steps, including blood collection from unpaid volunteer donors; donor interview and selection procedures; careful aseptic techniques for collection and infusion; diversion of the first 40 mL of blood collected into a diversion pouch (12) ; donor screening by serological and other tests, including bacterial detection in platelets (Table 1) ; viral inactivation procedures included in the manufacturing of plasma-derived products (Table 2 ) (13-15); and leukocytereduction techniques that reduce the infection transmission risk of white blood cell-associated viruses, such as cytomegalovirus (16) . Unfortunately, the solvent or detergent and heat viral inactivation procedures noted in Table 2 cannot be used on red blood cells or platelets because neither can withstand these vigorous processes. Table 3 identifies specific inactivation steps in the manufacturing of different plasma-derived products that decrease viral infection risks. Of note, the majority of factor VIII and factor IX used in Canada are recombinant products, not plasma-derived, and, hence, do not have the infectious risks of a blood product. Bacterial contamination of platelets is greater than that with red blood cells because platelets are stored at room temperature (22±2°C), which supports bacterial pathogen multiplication (17, 18) . Various strategies have been developed to try to minimize the risk of transfusion-associated sepsis, including enhanced aseptic collection and handling procedures, pretransfusion bacterial detection systems, processing and storage enhancement procedures and pathogen inactivation techniques (19, 20) . While the use of closed, multicomponent, plastic blood pack collection systems has helped to decrease the problem, bacterial contamination of platelet concentrates is still a concern (20) . The risk of bacterial contamination of frozen components, such as fresh frozen plasma and cryoprecipitates, is now low because the usual microbes (Table 4) are killed by freezing and other storage conditions. Where plasma has been found to be the source of infection, it was usually due to contamination of the water bath used to thaw the product (21) . The use of microwave techniques or appropriate plastic covering specifically designed for this purpose minimizes this risk. (4) . As shown in Figure 1 , the most common reported ATEs were major allergic or anaphylactic reactions (36%; rate 5.9 per 100,000 units). Bacterial contamination was the reported ATE in 10.1% (rate 1.7 per 100,000 units) (see Figure 2 for microbe types) (4) . Of the 27 cases of bacterial contamination, 10 (37.0%) were related to red blood cells, 10 (37.0%) to whole bloodderived platelets, two (7.4%) to apheresis platelets and five (18.5%) to plasma (4). Of the 11 case fatalities related to transfusion (two definite, seven probable and two possible; overall rate one per 100,000 units and definitely related rate one per 483,245 units), bacterial contamination was involved in three (one definite and two probable). The incidence of ATEs by type of blood component in 2003 is shown in Table 5 .
Transfusion and risk of infection in
Thus, the TTISS program has verified that there is a high degree of safety in the Canadian blood system, with only small risks of bacterial contamination, and that allergic or anaphylactic reactions remain as the major concern.
ESTIMATED PER UNIT RISKS OF BACTERIAL, PARASITIC AND VIRAL CONTAMINATION OF
BLOOD AND BLOOD PRODUCTS The estimated per unit risks of contamination in blood, blood products and manufactured plasma-derived products in Canada for a number of viral, bacterial, parasitic, prion and tick-borne agents are presented in Tables 6 and 7 . Where Canadian data were not available, data from the United States and other countries have been included (5, 10, 11, 14, (22) (23) (24) . As the data in Tables 6 and 7 show, the risks in Canada of transmitting infectious agents by blood, especially by plasma-manufactured products, are extremely low. To put it into context, a one in 3,000,000 risk is similar to that of being hit by lightning. IMPORTANCE OF DOCUMENTATION OF TRANSFUSION Experience gained from hepatitis C and HIV trace-back and look-back programs, where authorities have tried to trace transfusion recipients, have shown that many patients are unaware that they actually received a transfusion. No national electronic record of transfusions exists to facilitate any potential future tracing programs for a new transmissible agent. Therefore, it is important to make sure that transfused patients are aware that they received blood, blood products or manufactured plasma-derived products, and that the discharge or outpatient note adequately documents these transfusions and records the label code numbers for the specific products used.
RESOURCES FOR MORE INFORMATION ON INFECTIOUS DISEASES TRANSFUSION RISKS
Expanded discussion on infectious diseases risks of transfusion of blood and blood products can be found at the fol- 
